Iron (Fe), a micronutrient, is currently being determined using extractants that were developed for homogeneous temperate soils. Considering the fact that tropical soils are largely heterogeneous and may not conform to conditions that apply to temperate soils, there was a need to have an extractant that will be able to meet the requirements of tropical soils. The Fe content of twenty soils across the humid zone of South-Western Nigeria were determined by Diethylenetriamine pentaacetic acid (DTPA), 0.1 N hydrochloric acid (HCl) and sodium hypochlorite (NaOCl) buffer methods. The test crop was maize (Zea mays L.). There was a significant (p<0.05) positive correlation between dry matter and Fe content in the plants. Iron extracted by NaOCl buffered at various pH levels was highly correlated (p<0.01) with Fe extracted by the conventional extractants (DTPA and 0.1 N HCl). A weak positive non significant (p>0.05) correlation with plant Fe uptake for NaOCl buffered at pH 8.0 was found to be superior to those of DTPA and 0.1 N HCl. Because of its availability and the simplicity of the extraction procedure, NaOCl buffered at pH 8.0 could be used as a replacement for DTPA and 0.1 N HCl.
INTRODUCTION
Iron, a micronutrient, is necessary for the synthesis and maintenance of chlorophyll in plants and is an essential component of many enzymes. Iron has been found to be toxic in certain low-land rice conditions, while with upland rice, it has been found to limit yield (Agboola and Fube, 1982) . Kang et al. (1976) observed Fe chlorosis in upland rice grown on land after intensive burning of plant residues. Tenday-old maize plantlets grown without Fe displayed severe alterations, with a 50 % decrease in Fe and chlorophyll concentrations (Thoiron et al., 1997) . These authors also reported that two polypeptides from the microsomal fraction of leaves were found to be repressed under Fe-deficiency conditions. Chaignon et al. (2002) reported that Fe deficiency resulted in elevated acquisition of copper (Cu) from a Cu contaminated soil. They attributed this to enhanced phytosiderophore release.
The status of Fe in soils and its availability to plants is therefore the result of a complex set of factors related to parent material, soil type, soil pH and climate. Aubert and Pinta (1977) reported the existence of a strong relationship between parent material and micronutrient content of soils in tropical Africa. Cottenie et al. (1981) noted that Nigerian soils derived from basic rocks such as basalt and amphiboles are richer in Fe than those derived from acid granites and sandstones. Because of this sensitivity of Fe to environmental conditions and due to the fact that plants need it only in small amounts, its concentration relative to crop production is often difficult to measure. Considering the fact that tropical soils are highly heterogeneous both in chemical and physical properties, routine extractants, developed for homogeneous temperate soils, may not perform up to expectation when used on these soils. There is therefore need in soil testing for local extractants that could be readily available and suitable to the prevailing conditions. Sodium hypochlorite has been successfully used in the destruction of organic matter in tropical soils (Omueti, 1980; Omueti, 1981) and in temperate Canadian soils (Lavkulich and Wiens, 1970) . Other elements particularly manganese (Mn), Fe and zinc (Zn) were also extracted with sodium hypochlorite in appreciable amounts (Omueti, 1981) . The objective of this study was to compare the NaOCl extractant with extractants currently employed in most laboratories in the humid zone of South-Western Nigeria for the extraction of available Fe.
MATERIALS AND METHODS
Twenty surface soil samples (0-15 cm) were collected in the humid zone of South-Western Nigeria (latitudes 6º42'N and 7º26'N; longitudes 3º12'E and 5º00'E). The locations were selected to cover a wide range of soil types and land-use systems (Table 1) . The soil samples were air-dried and crushed to pass a 2-mm sieve. The soils were analysed for pH (soil: water ratio of 1:2.5), available phosphorus (Avail. P), organic carbon (Org. C), total nitrogen (Tot. N), exchangeable bases (Ca, Mg, Na, and K), exchangeable acidity and effective cation exchange capacity (ECEC), base saturation, and particle size distribution by methods largely described by Jackson (1958) .
The 0.005 M DTPA-extractable Fe was evaluated as described by Lindsay and Norvell (1978) . Zero point one normal hydrochloric acid-extractable Fe was determined using a 1:10 soil to acid solution (IITA, 1979) . Before extraction, the NaOCl was adjusted to pH 5.5, 6.0, 6.5, 7.0, 8.0 and 9.5. The lowest pH range was chosen based on the fact that soluble Fe level reaches a minimum in the pH range of 6.5-8.0 (Lindsay, 1972) . The highest limit was the level at which this solution was used in organic matter destruction (Omueti, 1980) . At the different pH levels, NaOCl-extractable Fe was achieved using a 1:2 soil to salt solution. Five grams of each soil sample was weighed in six replicates and transferred into 50 mL plastic centrifuge tubes. Ten mL of NaOCl, buffered at the specified pH levels, were added to the soil samples. The soil-to-salt solutions were heated over a boiling water bath for 15 min., and the suspensions were centrifuged for 15 min. at 2000 rpm. The extract was filtered with Whatman filter paper (size 42) and Fe was determined using an atomic absorption spectrophotometer.
Four hundred grams of each of the twenty sieved soil samples were weighed out into 500-mL plastic pots in duplicates.
A basal dressing of 10 mL of recommended chemical compounds (Tening et al., 1995) , except Fe, was given to each of the pots. The soils were watered to about field moisture capacity with deionised water and allowed to stand for about 48 h in the greenhouse. Six grains of maize (Zea mays L.) were planted per pot and later thinned to four seedlings per pot after germination. Field moisture capacity was maintained by regular watering with deionised water. Harvesting of all the above ground parts was done four weeks after planting. The harvested maize tops were oven-dried at 80ºC and weighed when constant weight was attained. The dried plant materials were ground in a Karl Kolb mill to pass through a 20-mesh screen. One gram of each sample was digested in a fume cupboard using a mixture of concentrated nitric acid (HNO 3 ), concentrated perchloric acid (HClO 4 ), and concentrated sulphuric acid (H 2 SO 4 ) in the ratio 5:1:1 until a colourless liquid was obtained. (AOAC: Association of Official Analytical Chemists, 1970). Each digested sample was made up to 20 mL with deionised water (Pauwels et al., 1992) and analysed for Fe using an Atomic Absorption Spectrophotometer (AAS).
Iron uptake was calculated as the product of the concentration of Fe in the plant tissue and the dry matter yield.
Simple correlation coefficients (r) at different probability levels were used to show the relationships between the different extractants and the extractants and plant Fe uptake.
RESULTS AND DISCUSSION
The pH ranges from 5.5 to 6.9 with an average of 6.1, suggesting that the soils are moderately acidic in nature ( Table 2) , which is the critical value for soils that are dominated by oxide and hydroxide clays under neutral conditions (Olaitan et al., 1984) . This fact is supported by the slightly acidic pH of all the soils (Table 2 ). The majority of the soils will therefore have few exchange sites. The relatively high ECEC of sample number 11 (15.2 cmol kg -1 ) is obvious as it is made up of a hydromorphic soil with high clay content ( Table 1) . The carbon-iron ratios of all the soils are above the critical level of 30 at which organic complexes become insoluble (Burrman, 1985) . Most of the soils are coarse textured and the textural class ranges from loamy sand to sandy loam.
Soil sample number six consistently gave the highest values of Fe test with all the extractants (Table 3) . This might not be unconnected to the high content of Fe originating from the management practices around the area. This area, being a lowland and under palms, will definitely suffer from waterlog. Mandal (1961) reported an increase in Fe solubility in waterlogged soils as a result of organic matter addition.
This was attributed to the fact that dissociated carboxyl and phenolic groups of podzol humus are able to bind di-and trivalent cations (Schnitzer and Skinner, 1965) . Agboola and Fube (1982) also observed Fe toxicity under lowland rice conditions. Banjoko (1981) reported a drop of Fe from 10 mg kg -1 under wet soil condition to about 1 mg kg -1 or less when the soil was air-dried. Under conditions of poor drainage the reduction of ferric-iron to the more mobile ferrous form can give rise to redistribution of the element within the soil (Bimie and Paterson, 1991 ).
There was a wide variation in the amount of Fe extracted by the conventional extractants and NaOCl buffered at the various pH levels (Table 3 ). This could be due, in part, to the interaction of moisture, pH, organic matter and available phosphorous with Fe, which could lead to either deficiency or toxicity (O'Conner et al., 1971; Oertli and Opoku, 1974; Kashirad and Marschner, 1974; Banjoko, 1981; Olson et al., 1981; FAO: Food and Agricultural Organisation, 1983) . In most of the soils, NaOCl buffered at pH 5.5 and 9.5 extracted the least soluble Fe. This is not uncommon as soluble Fe levels reach a minimum in the pH range between 6.5 and 8.0 (Lindsay, 1972) .
The dry matter yield and Fe content of the test plant (Zea mays L.) are presented in Table 4 . The results showed that Fe uptake was less than the one that was extracted by all the selected ectractants (Table  3) Iron extracted by NaOCl buffered at various pH levels was highly correlated (p<0.01) with Fe extracted by the conventional extractants (DTPA and 0.1 N HCl). (Table 5 ). The linear correlation coefficients (r) of NaOCl at pH 8.0 versus DTPA and 0.1 N HCl for Fe are 0.67 and 0.63, respectively. These values are only comparable to those of NaOCl at pH 5.5 with DTPA and 0.1 N HCl but lower than the r-values for the rest of the combinations. This is not unusual as there was a weak correlation (r = 0.23) with plant Fe uptake for NaOCl at pH 8.0. The weak correlation with plant uptake could partly be due to the fact that at early stage of maize vegetative growth and development, molecular variations induced by iron deficiency do not affect major house-keeping proteins, but probably affect very specific events depending on low abundance proteins (Thoiron et al., 1997) . The r-value of 0.23 was found to be superior to those of DTPA (r = -0.15) and 0.1 N HCl (r = -0.29). It is not unlikely that DTPA and 0.1 N HCl are not suitable for the extraction of Fe from tropical soils which are heterogeneous and acidic in nature. FAO (1983) gave the r-value of DTPA extractable Fe for Nigerian soils as 0.19. The low value was attributed to the insensitivity of plant Fe to the soil factors and also the oxidation-reduction conditions of the soils, which determine the behaviour of Fe in the soils and its availability to plants.
The linear correlation coefficients between the extractants and some soil properties are shown in Table 6 . With the exception of DPTA, the r-values, obtained between Fe extracted by the extractants and pH, were all negative. This showed that Fe increases with decrease in soil pH. With the exception of NaOCl (pH 5.5), Fe had a positive nonsignificant correlation with organic carbon. Similar results were obtained by Nazif et al. (2006) for both pH and organic matter. Sand had positive, but nonsignificant correlations with the extractants while silt had negative but non-significant correlations with the extractants. This is contrary to other findings (Sharma et al., 1996; Nazif et al., 2006) who found negative and positive but non-significant correlations between iron and sand, and iron and silt, respectively. This deviation could partly be due to the acidic nature of the soils, which are more or less sandy (Tables 1 and  2) . But for DTPA, the other extractants gave negative non-significant correlations with clay. This is not unusual as the soils of this sub-region are predominantly kaolinitic (Omueti and Lavkulich, 1988) and therefore pH dependent. 
CONCLUSION
The study showed that Fe extracted by NaOCl at pH 8.0 was preferable to that extracted by the conventional extractants (DTPA and 0.1 N HCl), though with a weak correlation with plant Fe uptake. Because of the availability of NaOCl and the simplicity of the extraction procedure, the NaOCl method buffered at pH 8.0 could be used as a replacement for the two current procedures for humid zone soils of South-Western Nigeria.
